I -INTRODUCTION
I n a previous paper / I / a method has been described f o r t h e optimal i n t e g r a t i o n o f d i f f r a c t i o n peaks from a c r y s t a l w i t h an area d e t e c t o r and a monochromatic beam. I t s implementation i n t h e form o f the PEKIrlT program and i t s use i n t h e a n a l y s i s o f data c o l l e c t e d on the D l 9 "banana" d e t e c t o r a t ILLl,is described i n t h i s volume /2/. For t h a t case t h e t h r e e dimensional data a r r a y i n detector space" has the two s p a t i a l dimensions o f t h e detector, w i t h the t h i r d dimension being steps i n c r y s t a l angle r o t a t i o n .
I n t h e case o f a continuous wavelength pulsed beam and an area detector t h e normal method f o r recording a s i n g l e c r y s t a l r e f l e c t i o n i s t o leave t h e c r y s t a l s t a t i o n a r y and t o analyse the time o f a r r i v a l o f d i f f r a c t e d neutrons o f d i f f e r e n t wavelengths, thereby p r o v i d i n g the t h i r d dimension i n the data array. The data f o r r e f l e c t i o n s has a s i m i l a r s u p e r f i c i a l resemblance t o t h a t f o r a monochromatic beam, b u t two s i g n i f i c a n t d i f f e r e n c e s should be noted.
The f i r s t i s t h a t t h e white beam data i s recorded simultaneously i n a l l elements o f the data a r r a y and i n f o r m a t i o n i s a v a i l a b l e a t a l l times on r e f l e c t i o n s which fa17 w i t h i n t h e s p a t i a l grasp o f the s t a t i o n a r y detector.
The experimental s t a t i s t i c s are o f course improved as a f u n c t i o n o f t h e measurement time i n t h a t p o s i t i o n .
I n t h e monochromatic beam case the data i s produced i n a d i f f e r e n t sequence, w i t h r e f l e c t i o n s being completed a t d i f f e r e n t times corresponding t o d i f f e r e n t stages o f c r y s t a l r o t a t i o n .
Since the basic philosophy of the i n t e g r a t i o n method o f PEKINT i s t h a t the parameters describing the shapes o f strong peaks are used t o improve the accuracy w i t h which t h e i n t e n s i t i e s o f t h e weak peaks can be measured, t h i s d i f f e r e n c e presents an improved o p p o r t u n i t y f o r data processing w h i l e measurement i s i n progress as the strong peaks are always a v a i l a b l e f o r a c h a r a c t e r i s a t i o n o f t h e i r properties.
The second i s t h a t w h i l e i n the monochromatic beam case t h e shapes o f t h e peaks i n t h e t h r e e dimensional a r r a y u s u a l l y approximate t o Gaussian e l l i p s o i d s i n various o r i e n t a t i o n s r e l a t i v e t o t h e s p a t i a l and r o t a t i o n dimensions, i n the pulsed white Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1986505 beam case t h e s p a t i a l shape i s approximately Gaussian b u t t h e time shape i s i n h e r e n t l y asymmetric due t o the d i f f e r e n t r i s e and decay times o f the neutron pulses a r r i v i n g a t t h e specimen.
The consequence o f t h i s f o r the i n t e s r a t i o n method, which p a r t i t i o n s the peak according t o t h e volumes o f p a r t i c u l a r i n t e n s i t y contours i s t h a t these volumes are no longer concentric i n t h e pulsed beam case. This i s n o t a fundamental problem b u t means t h a t i f t h e peaks are t o be p a r t i t i o n e d i n t h i s way t h a t the p o s i t i o n s of centres o f t h e volumes o f p a r t i c u l a r i n t e n s i t y contours r e l a t i v e t o t h e centres o f g r a v i t y o f t h e strong peaks should be recorded.
I 1 -COElPUTATION OF PEAK SHAPES FOR PULSED BEAM BRAGG REFLECTIONS
Using r e c i p r o c a l s p a c e / r e f l e c t i n g sphere geometry the i n t e n s i t y d i s t r i b u t i o n i n s i n g l e c r y s t a l r e f l e c t i o n s has been c a l c u l a t e d from t h e beam divergence, t h e c r y s t a l 1 i t e spread o f t h e specimen, t h e wavelength (time) p r o f i l e o f t h e pulse a r r i v i n g a t the specimen from the moderator and t h e physical s i z e o f t h e specimen.
The combined e f f e c t s o f beam divergence and c r y s t a l l i t e spread on t h e peak a t d i f f r a c t i o n angles r , v places i n t e n s i t y a t p o i n t s dr, dv, dT from the peak centre i n a plane i n r , v , T space s a t i s f y i n g t h e equation (This equation may be derived by d i f f e r e n t i a t i o n o f Bragg's law w r i t t e n i n t h e form cos y cos v = 1 -k2/2d2, keeping t h e i n t e r p l anar spacing d constant. )
Each p o i n t i n t h a t plane i s then convoluted w i t h t h e time d i s t r i b u t i o n o f t h e pulse a r r i v i n g a t the specimen. F i n a l l y t h e d i s t r i b u t i o n must be convoluted w i t h the shape o f t h e specimen.
The form The dashed o u t l i n e i n d i c a t e s t h e area covered by t h e SCD d e t e c t o r a t Argonne Laboratory.
These c a l c u l a t i o n s have been compared w i t h measurements made by Nelmes e t a1 /3/ on a c r y s t a l o f P r o u s t i t e (Ag3AsS3) w i t h the SCD s i n g l e c r y s t a l d i f f r a c t o m e t e r /4/ a t Argonne National Laboratory.
The d e t e c t o r was s e t w i t h i t s centre a t r = 90" v = 0' and spanned the range i n r , shown i n dotted o u t l i n e i n f i g u r e 1. i t can be seen t h a t i n t h i s region the p r i n c i p a l axes o f t h e peak shape e l l i p s o i d s should be almost p a r a l l e l t o t h e X, Y d i r e c t i o n s and t h i s was i n f a c t found t o be t h e case. Equation (1) i n d i c a t e s t h a t i f measured a t time i n t e r v a l s dT which are p r o p o r t i o n a l t o T a l l peaks should be t h e same shape a t a p a r t i c u l a r r,v. This i s i l l u s t r a t e d i n f i g . 2 where the time v a r i a t i o n o f t h r e e r e f l e c t i o n s a r r i v i n g a t widely d i f f e r e n t times (and i n p o s i t i o n s marked P,S,Q i n f i g . 1 ) i s seen t o be very s i m i l a r when p l o t t e d as a f u n c t i o n o f dT/T.
Fig. 2 -Time dependance
o f pulse f o r t h r e e d i f f e r e n t r e f l e c t i o n s from P r o u s t i t e c r y s t a l as a f u n c t i o n o f dT/T.
The r e f l e c t i o n shape i n the X, Y d i r e c t i o n s was found t o vary l e s s across t h e d e t e c t o r area than i n d i c a t e d i n f i g u r e 1, presumably due t o specimen s i z e broadening effects. An i s o m e t r i c p r o j e c t i o n o f t h e i n t e n s i t y i n the c e n t r a l X, T s e c t i o n o f the strong peak S i s shown i n f i g u r e 3.
The maximum count i s 10765 and t h e average background l e v e l i s 17. The assymetric v a r i a t i o n w i t h t i m (sharp r i s e , slow f a l l ) which can be seen i n f i g . 2 and a l s o i n f i g . 3 means t h a t i f t h r e e dimensional constant i n t e n s i t y contours are drawn f o r a peak they are n o t concentric, b u t t h a t t h e i r centres o f g r a v i t y are displaced along t h e time axis.
This i s f u r t h e r discussed below.
-THE a ( I ) / I PEAK INTEGRATION METHOD
The o ( I ) / I technique was f i r s t described by Lehmann and Larsen /5/ and has since been considerably extended / I / t o deal w i t h PSD data.
Suppose t h a t a strong r e f l e c t i o n i s characterised by measuring the i n t e n s i t y I ( p ) contained i n p peak p o i n t s which l i e w i t h i n a s e r i e s o f shapes s e t up t o approximate t o i n t e n s i t y contours i n the peak. L e t I o ( p o ) be the " t o t a l " i n t e n s i t y o f the peak contained w i t h i n po p o i n t s and l e t x(p) be t h e r a t i o I ( p ) / I ( p o ) .
Suppose a l s o t h a t t h e r e i s a weak peak o f t o t a l i n t e n s i t y WO(po) which has t h e same shape as the strong peak and s i t s on t h e same background B.
I t can then be shown /6/ t h a t t h e q u a n t i t y o(W)/W and a l s o the q u a n t i t y o(W/x) [ 
-o(Wo)] i s minimised when t h e eauation i s s a t i s f i e d and t h e r e f o r e corresponds t o t h e minimum e r r o r i n measurement o f Wo when t h e peak i s d i v i d e d up i n t h i s way. ( c i s a constant the value o f which depends on t h e r a t i o o f the number o f background p o i n t s t o t h e number o f peak p o i n t s a t which a(W)/W i s a minimum. I t i s 1 when the number o f p o i n t s over which the value o f B i s measured i s much g r e a t e r than t h e number o f peak p o i n t s and 2 when t h e two a r e constrained t o be equal .) Equation 2 can be solved f o r the s t a t i s t i c a l l y optimum number o f p o i n t s f o r i n t eg r a t i o n o f t h e weak peak when t h e q u a n t i t i e s
IodP/dI and 2p/x have been obtained from nearby strong peaks. Figure 4 shows these q u a n t i t i e s derived from the strong peak S whose c e n t r a l s e c t i o n i s i l l u s t r a t e d i n f i g u r e 3. contained 520 points.
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The i n t e g r a t i o n volumes were those e l l i p s o i d s w i t h the same moment o f i n e r t i a tensors and same centres as those corresponding t o the chosen peak contours, a t t a c h i n g u n i t weight t o each peak p o i n t .
T h e i r najor axes are so close t o t h e detector and time axes t h a t f o r s i m p l i c i t y they have been assumed t o l i e e x a c t l y i n these directions. Figure 5 shows these e l l i p s o i d s f o r peak S i n X,T sections through t h e i r centres.
A displacement of up t o 0.6 elements i n T is apparent between high and low contours. 
Ellipsoidal integration volumes can be used t o p a r t i t i o n t h e strong peak I o ( p ) and generate t h e curves of Figure 4 even though the t r u e i n t e n s i t y contours a r e not s t r i c t l y e l l i p s o i d a l . There is no consequent l o s s of accuracy in estimating Wo
provided t h a t t h e integration volumes a r e correctly positioned r e l a t i v e t o t h e c e n t r e of t h e weak peak.
IV -TEST OF THE METHOD FOR INTEGRATION OF WEAK PEAKS
In order t o t e s t the r e l i a b i l i t y of integration of t h e peak within a a ( I ) / I minimum volume f o r weak peaks, an a r t i f i c i a l s e r i e s of these with i n t e n s i t i e s 0.1, 0.01 and 0.001 of and t h e same shape a s t h e strong peak S were generated. Including t h e model peak these represented signal t o noise r a t i o s (over t h e whole extent of t h e peak) of 16,1.6,0.16 and 0.016.
An isometric projection through t h e central X,T section of the weakest peak i s shown in f i g u r e 6. I t i s viewed from t h e same position a s f i g u r e 3.
A peak point (average value 10.8) can just be detected r i s i n g above t h e background (average value 17). Fig. 6 -Isometric projection of central X,T section i n t e n s i t y of a peak which has t h e same shape a s S, but is 1000 times weaker and s i t s on an average background of 17.
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The q u a n t i t y o(W/x) [ 5 o(Wo) 1 has been c a l c u l a t e d f o r increasing numbers o f peak p o i n t s a t these s i g n a l t o noise r a t i o s and i s shown as a f u n c t i o n o f t h e normalised v a r i a b l e p/po i n f i g u r e 7.
The p r e d i c t e d p o s i t i o n s o f the u ( I ) / I minima from equation 1 are indicated.
(Since t h e strongest peak can n o t be taken as a "bootstrap" model f o r i t s e l f , the minimum value o f u(Wo) occurs a t t h e f u l l l i m i t o f t h e peak, w h i l e i t s o ( I ) / I value l i e s much c l o s e r t o t h e peak centre.) This i s a consequence o f the very "sharp" nature o f t h e time r i s e o f the peaks compared w i t h t h e slower s p a t i a l v a r i a t i o n , and u ( I ) / I p o i n t s can be seen t o get i nc r e a s i n g l y close t o the peak centre as the s i g n a l gets weaker. Fig. 7 -o(Wo) c a l c u l a t e d f o r peaks o f t h e same shape as S, ( b u t w i t h v a r y i n g s i g n a l t o noise r a t i o s ) as a f u n c t i o n o f i n t e g r a t i o n volume.
It can be seen t h a t gajns i n accuracy below 80 peak p o i n t s a r e o n l y s l i g h t and thought t o be too r i s k y due t o " s t a t i s t i c a l " mis-centering o f the i n t e g r a t i o n volume t o be worthwhile. S e t t i n g a minimum i n t e g r a t i o n volume o f 80 p o i n t s , (roughly t h e 1% h e i g h t contour, containing 94% o f t h e o v e r a l l i n t e n s i t y ) i s s a t i s f a c t o r y , i n t h a t mis-centerings o f up t o 1 peak element i n any d i r e c t i o n produce o n l y a small e r r o r i n I. This has been e m p i r i c a l l y estimated by displacement o f the i n t e g r a t i o n volume w i t h i n peak S i n X,Y and T d i r e c t i o n s . The v a r i a t i o n i s shown i n f i g u r e 8. Fig. 8 -V a r i a t i o n i n t h e i n t e n s i t y included w i t h i n t h e 1% contour as a f u n c t i o n o f t h e centre of t h e i n t e g r a t i o n volume i n X,Y and T d i r e c t i o n s .
The o v e r a l l gains i n accuracy o f e s t i m a t i n g 5 (W,) by choosing an i n t e g r a t i o n volume o f 80 r a t h e r than 520 p o i n t s are shown i n Table 1 . It can be seen t h a t the gain i s more than 300% f o r the weakest peak considered.
Also shown i n t h e f i n a l column o f Table 1 This means t h a t t h i s method o f i n t e g r a t i o n , which r e l i e s on i n t e r p o l a t i o n o f strong peak parameters a t t h e p o s i t i o n o f weak r e f l e c t i o n s i s even more s u i t a b l e f o r t h i s case than the monochromated beam/crystal r o t a t i o n method, where i t . h a s p r e v i o u s l y been demonstrated t o work.
Indeed, because o f the "sharp" nature o f the observed d i f f r a c t i o n peaks the method can be s i m p l i f i e d s t i l l f u r t h e r and t h e "minimum" i n t e g r a t i o n volume adopted f o r a l l peaks which are n o t considered "strong" (defined t o have s i g n a l t o noise r a t i o s measured over t h e whole range o f the peak of greater than 1). This has p a r t i c u l a r advantages when the peaks are close together in the o v e r a l l data array, as e r r o r s due t o overlap o f the outer regions o f peaks can be avoided. It a l s o means t h a t on7y p a r t i a l l y recorded ("edge") peaks can be d e a l t w i t h s a t i s f a c t o r i l y , thereby increasing the o v e r a l l number o f r e f l e c t i o n s which can be extracted from a data array. This f e a t u r e i s o f course even more valuable when' using a "banana" detector. By i t s nature, t h e method i s p a r t i c u l a r l y s u i t a b l e f o r the time o f f l i g h t method, as o n -l i n e processing f o r the establishment o f appropriate peak i n t e g r a t i o n volumes can proceed as the data s t a t i s t i c s b u i l d up and a l i s t o f i n t e g r a t e d i n t e n s i t i e s be r a p i d l y established as soon as measurement has f i n i s h e d .
The o ( I ) / I procedure w i 11 be implemented f o r t h e s i n g l e c r y s t a l d i f f r a c t o m e t e r (SXD) on t h e ISIS s p a l l a t i o n source a t t h e Kuthertord Appleton Laboratory.
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